We provide empirical evidence on the patterns of intra-and inter-regional transmission of information across 10 developed and 11 emerging markets in Asia, the Americas, Europe and Africa using both stock indices and stock index futures. The main transmission channels are examined in the period from 2005 to 2014 through the analysis of return and volatility spillovers around the most recent crises based on the generalized vector autoregressive framework. Our findings demonstrate that markets are more susceptible to domestic and region-specific volatility shocks than to inter-regional contagion. A novel result reported in our study is a difference in patterns of international signals transmission between models employing indices and futures data. We conclude that futures data provide more efficient channels of information transmission because the magnitude of return and volatility spillovers across futures is larger than across indices. Our findings are relevant to practitioners, such as stock market investors, as well as policy makers and can help enhance their understanding of financial markets interconnectedness.
Introduction
The international information transmission mechanisms across markets, through both returns and volatility, have theoretical significance and a wide range of practical implications. The phenomenon of volatility spillovers occurs when volatility in one market triggers volatility in other markets. This effect can be particularly visible during periods of turmoil which diminishes the benefits of international portfolio diversification for investors. It is further amplified by the recent technological advances, which have increased the accessibility of foreign information for domestic investors and speeded up information flows. The investigation of return and volatility spillovers between stock markets within various geographical regions is an important topic, which contributes to our knowledge about global financial interconnectedness.
There are various fields of literature to which the analysis of return and volatility spillovers is related, for example, the literature on financial contagion, hedging, asset allocation, and stock market efficiency. Ideas of transmission of volatility across markets underpinned the "heat waves" and "meteor showers" hypotheses postulated by Engle, Ito, and Lin (1990) and have natural implications in the analysis of predictability of stock market returns (see, e.g., Ibrahim & Brzeszczynski, 2009 . Indeed, while return and volatility spillovers can limit the benefits of global diversification, the knowledge about international information transmission mechanisms can provide the opportunity to predict the behavior of a domestic market by using foreign information. Therefore, the estimation of directional return and volatility spillovers is important in understanding the channels of intra-and inter-regional information transmission, which can be used to create successful trading strategies.
Although the return and volatility spillovers across stock market indices have been actively studied over the last two decades, this topic is even more relevant now due to its practical significance and the nature of volatility itself which varies over time. However, the existing empirical evidence about intra-and inter-regional return and volatility spillovers around financial crises mainly focuses on the information transmission across the largest developed stock markets. For example, the markets in Japan, the UK, and the USA were considered in the early literature by Engle et al. (1990) , King and Wadhwani (1990) , Becker, Finnerty and Gupta (1990) , Hamao, Masulis and Ng (1990) , or more recently by Brzeszczynski (2009, 2014) , to name but a few. On the other hand, globalization and the development of new technologies have caused an increase in the integration of emerging markets with the world economy. This effect has many practical implications. For example, the increasing economic integration of emerging and developed stock markets has become a crucial issue for portfolio managers because volatility spillovers tend to diminish the opportunities for international diversification in emerging economies. Moreover, the global financial crisis (GFC), together with the European debt crisis (EDC), has resulted in a new wave of academic literature on contagion and stock market integration in the periods before, during and after these episodes. Therefore, we contribute to this knowledge by providing the analysis of cross-border return and volatility spillovers around the most recent crisis episodes, which includes both developed and emerging markets.
The purpose of this paper is to analyze the return and volatility spillovers across 21 emerging and developed markets in order to explore the new geography of financial information transmission mechanisms across countries around the recent crisis episodes. The markets selected for our sample represent the broad regions of Asia, the Americas, Europe, and Africa. Therefore, the primary contribution of our research to the literature is the investigation of volatility spillovers in the sample which is not restricted only to developed markets (see, e.g., Beirne & Fratzscher, 2013; Cho, Hyde & Nguyen, 2014; Diebold & Yilmaz, 2009 , 2012 Singh, Kumar & Pandey, 2010; Syriopoulos, 2007; Worthington & Higgs, 2004) .
Another important contribution of our study is the use of futures data. The question of which data is appropriate to use in analyses of international information transmission and global market linkages is still a matter of debate between academics and supervisory bodies. Gagnon and Karolyi (2006) provide a comprehensive summary of academic literature on global market linkages. They reveal that analysis of stock indices is the primary focus of spillover studies. Various studies apply different data frequencies, such as weekly, daily (close-to-close, opento-close, or close-to-open returns) , or higher frequency intra-day data. However, all these papers used stock indices data to investigate international information transmission. Our findings presented in this study suggest that employing stock indices data only limits understanding of the practical implications of empirical results because the trading strategy based on investing in various stock indices is an approximation that only makes sense in a theoretical context. In reality, stock indices cannot be traded by investors as financial instruments. Investors with diversification goals can only buy constituent stocks (which is costly but also time-consuming) and such trades are not possible to execute in a single transaction, which on the other hand can be done using stock index futures (Subrahmanyam, 1991) . Employing stock index futures data in analysis of international information transmission is more realistic from the point of view of the construction, testing, and execution of actual trading strategies and, therefore, the results of such empirical research are more useful for practitioners. Hence, in this paper, we go beyond the investigation of return and volatility spillovers across stock markets using only the data for indices, and we employ both stock indices and stock index futures data to compare the differences between them. Although existing literature employed futures data in the analysis of spillovers and addressed several important issues in finance, the evidence about global return and volatility transmission across futures markets is still very limited.
1 Therefore, our findings provide a novel contribution to the existing literature. Futures can offer several obvious advantages for investors, such as lower costs of trading or high trading volume (i.e., high liquidity). Therefore, from the perspective of international information transmission mechanisms, futures markets can provide more efficient channels of transmission of information flows. The findings of this paper are also particularly relevant to a broad range of practitioners, such as active portfolio managers, various institutional investors, and liquidity traders. Furthermore, Antoniou, Holmes, and Priestley (1998) argue that the volatility of futures increases the volatility of the underlying spot markets, which has prompted the public to blame futures trading for the intensity of the financial distress witnessed during the crisis episodes; hence, the difference in observed patterns of information transmission between models employing index and futures data provided in our study is also relevant to policy makers and financial regulators.
In summary, this paper contributes to existing knowledge in three important areas. First, we provide empirical evidence from both stock indices and stock index futures data about differences in information transmission mechanisms. Our analysis contributes to the emerging literature, which employs alternative data to simple stock indices in the analysis of international information transmission effects. Our findings suggest that employing futures data makes the results more practically applicable in the construction of trading strategies based on transmission of foreign information. Second, the methodology of Yilmaz (2009, 2012 ) is utilized to explore the new geography of financial linkages through an analysis of both intra-and inter-regional return and volatility spillovers across 21 developed and emerging markets from four regions: Asia, the Americas, Europe, and Africa. Third, we provide evidence about the changing intensity of return and volatility spillovers around the most recent crisis episodes with respect to structural breaks in the volatility of both futures and spot markets returns, which contributes to the contagion literature. The conclusions from our study are also important for policy makers and financial regulators because they provide a global perspective on spillovers across financial markets from 2005 to 2014. This is crucial to an enhanced understanding of the new requirements for financial regulation.
The remainder of the paper is organized as follows: Section 2 outlines the methodology, Section 3 describes the data, Section 4 presents the empirical results, and Section 5 offers conclusions and outlines potential directions for further research.
Methodology
In this study, we apply the Diebold and Yilmaz (2009) methodological framework, which provides separate measures of return and volatility spillovers based on forecast error variance decompositions from a vector autoregressive (VAR) model. However, due to the fact that it relies on the Cholesky factor identification of VAR, the results may be dependent on variable order. Subsequently, Diebold and Yilmaz (2012) replaced the Cholesky factorization on KPPS (Koop, Pesaran, & Potter, 1996; Pesaran & Shin, 1998) variance decomposition, allowing the above methodological limitation to be avoided but retaining all the advantages of their general framework. In this paper, therefore, we estimate return and volatility spillovers using a generalized vector autoregressive following the Diebold and Yilmaz method (2012) .
A covariance stationary of N-variable VAR (p) can be described as follows:
where X t is a vector of returns or vector of volatilities of either spot or futures markets in our sample, ψ i is a parameter matrix and ε~(0, Ω) is a vector disturbance. The moving average representation of the VAR is given by
where A 0 being an N × N identity matrix and with A i = 0 for i b 0. N-variable VAR variance decomposition, introduced by Sims (1980) , allows for each variable X i to be added to the shares of its H-step-ahead error forecasting variance coming from shocks of variable X j (where ∀i ≠ j for each observation). The record of these cross-variance shares, under investigation in this paper, provides information of spillovers from one market to another. Additionally, the Diebold and Yilmaz (2012) framework allows for the examination of how variable 1 The first group of studies focuses on commodity futures, rather than financial futures, contributing to the literature on hedging (see, for example, Lau & Bilgin, 2013) . The second major group of studies considers the relationship between spot and related futures markets (Gannon, 2005; Harris, 1989) . However, these papers do not provide a crosscountry perspective on return and volatility transmission. Only a few papers consider futures-spot relationships in the context of global financial markets interdependencies (Antoniou, Pescetto, & Violaris, 2003; Kao, Ho, & Fung, 2015) . In addition, evidence in the majority of papers is still restricted to developed countries, which again exemplifies the contribution of this research.
X i depends on its own shocks, and for a calculation of total volatility spillover.
As has been mentioned above, the employed framework relies on KPPS H-step-ahead forecast error, which is invariant to the ordering, and can be defined for H = [1, 2…+∞), as
where Ω is the variance matrix for the error vector ε, σ jj is the standard deviation of the error term for the jth equation and e i is the selection vector with one as the ith element and zero otherwise. ∑ N j¼1 ϑðHÞ≠1. This means that the sum of the elements in each row of the variance decomposition is not equal to 1. The normalization of each entry of the variance decomposition matrix by the row sum made as 
Similarly, directional spillover indices are calculated to measure spillovers from market i to all markets j and reverse direction of transmission from all markets j to market i, using Eqs. (7) and (8), respectively,
The difference between total shocks transmitted to market i and those transmitted from market i to all markets is defined as net volatility spillover (Eqs. (7) and (8)). In a similar way, net pairwise spillovers are calculated for each K pairs of markets in the sample:
The total spillover index is applied to investigate the global and regional trends of spillover activity around the crisis episodes, while directional spillovers are used to demonstrate how much each market contributes to all the other markets, providing information about the channels of intra-and inter-regional information transmission across the selected markets.
Data
Twenty-one stock markets were selected for empirical investigation of return and volatility transmission. The data sample contains 10 developed and 11 emerging markets from four geographical regions: Europe (United Kingdom, Germany, France, Spain, Switzerland, Russia, Hungary, and Turkey), Africa (South Africa), Asia (Hong Kong, Japan, Singapore, South Korea, China, India, Taiwan, and Malaysia), and the Americas (Canada, USA, Mexico, and Brazil). We used market value weighted indices, which were denominated in local currency. The opening, closing, and high and low prices of market indices were obtained on a daily basis from the Bloomberg database for the period October 3, 2005, to October 3, 2014. Open-to-close returns for working days were calculated using 2350 observations (see Table 1 for descriptive statistics).
In a similar way, the daily opening, closing, high and low prices of stock market index futures were obtained from the Bloomberg database for the period October 4, 2010, 2 to October 3, 2014, providing 1045 observations of daily futures returns. Several futures contracts were available for each stock market during the year with various maturity dates. The tickers of futures contracts employ abbreviations for both the contract and its expiration date. The first two letters represent the contract, the third letter represents the contract expiration month, 3 and a fourth figure represents the expiration year. For example, the futures contract with DAX 30 as underlying index and delivery date of December 14, 2014, has a ticker GXZ4, where GX represents the contract, Z represents December, and number 4 represents the year. For this research, prices of futures contracts with the closest expiration dates were obtained due to higher trading volume on these securities. All returns were calculated as a difference of natural logarithm of closing price and natural logarithm of opening price. The stock market returns on nonsynchronous holidays were assumed to be zero. Zero returns on nonsynchronous holidays reflect actual returns on nontrading days. The basic statistics for the stock markets returns and volatility for the whole estimation period are presented in Table 1, while Table 2 provides a comparison of descriptive statistics for futures and spot market returns for a subsample from October 4, 2010, to October 3, 2014. Both Tables 1 and 2 show that the means for futures and spot markets are close to zero. The analysis of skewness indicates that there are both positively and negatively skewed time series in the sample. The analysis of kurtosis demonstrates the high value of kurtosis of stock indices data (i.e., there are sharp peaks in stock indices returns) for the whole estimation period and significantly lower kurtosis for the subsample period. There is a high frequency of extreme values of returns for both spot markets and futures markets. The JarqueBera statistics reject null hypotheses for all markets; therefore all series are not normally distributed. The Lagrange multiplier test of Engle (1982) was employed to test series on autoregressive conditional heteroskedasticity. The test indicated the existence of the ARCH effect for the majority of time series.
The Ljung-Box test statistics at lag 10, Q (10), provide evidence of autocorrelation for the series. The Augmented Dickey-Fuller (ADF) and the Phillips-Perron (P-P) stationarity tests indicate that all series in the sample are stationary. 4 Analysis of volatility is sensitive to the measure of volatility that is used. The advantages of range estimators over classical estimators of volatility are widely discussed in literature (Garman & Klass, 1980; Parkinson, 1980; Rogers & Satchell, 1991 , Yang & Zhang, 2000 . 5 The Rogers and Satchell (1991) volatility estimator has been used because it is more efficient than classical volatility 2 The time period for futures data analysis starts on 4 th of October 2010 due to the data availability for futures markets of some emerging countries in the sample. 3 Expiration Month Symbol Codes are January -F; February -G; March -H; April -J;
May -K; June -M; July -N; August -Q; September -U; October -V; November -X; December -Z. 4 Tables with results are available upon request. 5 The range estimators use information on daily trading range-the difference between the high and low prices for a particular security over certain time interval, while classic volatility estimators use close-to-close prices.
estimators and it is drift independent, which is confirmed by Shu and Zhang (2006) 
where h t is the normalized high price, l t is the normalized low price and c t is the normalized closing price. Daily volatilities were calculated for futures and spot markets using Eq. (10), where all prices are transformed to a natural logarithm. According to ADF and P-P tests, all volatility series of both futures and stock indices time-series are stationary. Descriptive statistics for volatility of stock indices are presented in Table 1 . Table 3 summarizes the descriptive statistics for volatility of futures and stock indices for the subsample (October 4, 2010 -October 3, 2014 for comparison purposes.
Empirical evidence

Full-sample period analysis
The empirical results are presented in the form of spillover tables. Table 4 reports "input-output" decomposition of spillovers indices for stock markets returns, and Table 5 deals with volatility. In contrast to Diebold and Yilmaz (2009) who report that return and volatility spillovers are of the same magnitude, we found that the total spillover index for returns (71%) is higher than the estimated total spillover index for volatility (56%)
7
; therefore, the magnitude of returns spillovers is higher than volatility spillovers. These differences in magnitude in return and volatility spillovers are evident in all 21 markets in the sample, but especially so for the emerging market of Taiwan, where the results in the row, Contribution to Others, are 40.89% for return and only 1.0% for volatility. Similar significant differences are evident in Korea and India. The row Contribution to Others demonstrates which stock market is the most influential in the data sample. While Rapach, Strauss, and Zhou (2013) , among others, argued that USA tends to be the most influential market, in our sample, the UK stock market had the highest value of spillovers (126%), with the American market only second highest (116.28%). Among emerging markets, the highest return spillover was detected from Mexico (101.14%), Brazil (102.30%), and South Africa (82.76%). The lowest value of the return spillover index (contribution to others) in the whole sample had China (18.88%) and Japan (35.34%). Table 5 presents the results for volatility. For the majority of markets, volatility spillovers are less intense than return spillovers (the values of spillover indices are lower for volatility). The lowest magnitude of volatility spillovers is detected in the channel from the emerging market of Taiwan to other markets, with 96.90% contribution from its own market innovations and just 1.0% contribution to other markets indicated. In contrast, the highest magnitude of volatility spillovers is found across developed European countries, such as the UK, Germany, France, Spain, and Switzerland.
The column From Others shows which market is the most sensitive to external shocks. Tables 4 and 5 demonstrate the reverse direction of spillovers (from all foreign markets to a domestic market), which can be assessed by considering the entries of rows for each particular market (horizontal entries). For both the UK and the USA, the value of return spillovers from others markets is very high (84.48% and 81.30%, respectively). The lowest value of spillovers from other markets has the stock markets of China, with returns of 37.61%, and Taiwan, with a volatility of 6.06%. Analysis of both Contribution to Others and From Others together with other entries in Tables 4 and 5 provides an accurate 6 The underlying assumption of range estimators is that a security price follows a geometric Brownian motion, deviation from which will affect the accuracy of estimators. The Rogers and Satchell range estimator allows a nonzero drift in the continuous return path and its accuracy is independent from the size of the drift. See Shu and Zhang (2006) for more details.
7 This means that 76% and 56% of forecast error variance comes from spillovers. Table 1 Descriptive statistics for stock indices returns and volatility. Note: The statistic is significant at the 1% level. JB is the Jarque-Bera test for the null hypothesis of normality. LB (10) is the Ljung-Box test of the null hypothesis that the first 10 autocorrelations are zero. ARCH is the Lagrange multiplier test proposed by Engle (1982) . Note: The ARCH effect is significant at the 5% level except China. JB is the Jarque-Bera test for the null hypothesis of normality. LB (10) is the Ljung-Box test of the null hypothesis that the first 10 autocorrelations are zero. ARCH is the Lagrange multiplier test proposed by Engle (1982) . The mnemonics are defined as in Table 1 . Note: The ARCH effect is significant at the 5% level except India. JB is the Jarque-Bera test for the null hypothesis of normality. LB (10) is the Ljung-Box test of the null hypothesis that the first 10 autocorrelations are zero. ARCH is the Lagrange multiplier test proposed by Engle (1982) .The mnemonics are defined as in Table 1 . Note: From others-directional spillover indices measure spillovers from all markets j to market i. Contribution to others-directional spillover indices measure spillovers from market i to all markets j. Contribution including own-directional spillover indices measure spillovers from market i to all markets j, including contribution from own innovations of market i. Other columns contain net pairwise (i,j)th spillovers indices. Total return spillover index demonstrates that 71.0% of forecast error variance comes from spillovers. The mnemonics are defined as in Table 1 . Note: From others-directional spillover indices measure spillovers from all markets j to market i. Contribution to others-directional spillover indices measure spillovers from market i to all markets j. Contribution including own-directional spillover indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (i,j)th spillovers indices. Total volatility spillover index demonstrates that 56.0% of forecast error variance comes from spillovers. The mnemonics are defined as in Table 1. picture of cross-region and region-specific information transmission. Moreover, the Subtotal rows capture total spillovers from market i to all markets j from a specific region, while the Sum columns demonstrate total spillovers from all markets j from a specific region to market i. Further discussion on some of the most important findings of our research to be essential to explain their theoretical and practical implications. This has been done below. The Asian region is characterized by a lower level of spillovers between stock markets within the region compared to Europe and the Americas. The strongest return spillovers for all Asian markets come from the UK. In regard to volatility spillovers, UK influence is strongest mainly on the developed markets of Hong Kong, Japan, and Singapore. Similarly, these markets are influenced by shocks from markets from the Americas region, for example, the USA and Brazil. This could be explained by the fact that developed Asian markets are more integrated into the world economy when compared with emerging markets from the same region. The row Contribution to Others indicates that the Hong Kong stock market is the most influential in the Asian region (67.01% for returns and 50.38% for volatility). This, however, is mainly due to the high spillovers from Hong Kong to other Asian markets. Consequently, the intensity of intra-region spillovers is higher than the intensity of inter-regional spillovers. We found that the majority of Asian markets have the highest reaction to their own shocks, for example, Korea, Taiwan, and India record 93.94%, 96.90%, and 93.52% of their own forecast error variance respectively, making them the most independent markets in the sample. These results have a number of important implications. First, they reveal diversification opportunities in emerging Asian stock markets which are less affected by external shocks. Second, independence from external shocks limits the opportunities to predict the volatility of those markets based on foreign information transmission. As a result, emerging Asian markets seem to be an attractive option for portfolio investment strategy, but less attractive for investors utilizing an active trading strategy based on the meteor shower effect introduced by Engle et al. (1990) .
While the Asian region is relatively independent from other regions, the linkages between Europe and the Americas are much stronger for both directions of spillovers, providing the evidence for inter-regional information transmission. However, developed markets are more influential than emerging markets. The strongest linkages between emerging and developed stock markets are within the Americas region, where the USA accounts for 11.03% and 10.04% of error variance of the stock market of Mexico and Brazil, respectively. One of the possible explanations for this phenomenon is that countries that are geographically close to each other have a higher level of volatility spillover because the geographical location affects the economic and financial integration of the countries. Among four countries selected from the Americas region, Canada is the least impacted upon by foreign information transmission.
The South African stock market is representative of the African region, and it is the third most influential emerging market in the sample after Mexico and Brazil. The greatest magnitude of spillovers is from South Africa to Russia (7.67% for return and 8.69% for volatility), while the magnitude of the reverse direction of spillovers is also high (6.58% for return and 7.90% for volatility). Additionally, South Africa has strong linkages with the UK stock market. South Africa also influences developed Asian markets and all four markets selected from Americas.
Overall, there is strong evidence of intra-regional and inter-regional returns spillovers across stock markets, while there is limited evidence of inter-regional volatility spillovers. The values of pairwise spillovers between markets from the same region are much higher than between markets from different regions. Furthermore, the magnitude of spillovers between developed and emerging stock markets is lower than between solely developed markets or emerging markets, which provides opportunities for international portfolio diversification.
Subsample analysis: comparison of evidence from futures and spot markets
A major contribution of this paper is the analysis of information transmission mechanisms across stock index futures, which are a practical and more realistic alternative to stock market indices in designing trading strategies. Spillover tables were compiled for the subsample period from October 4, 2010, to October 3, 2014, to allow a comparison of the magnitude of return and volatility spillovers across stock index futures and across stock market indices. Tables 6 and 7 provide evidence from futures markets for returns and volatility data, respectively, while Tables 8 and 9 provide evidence from underlying spot markets for the subsample period. The previous section explains the meaning of the rows and columns within the spillover tables and a similar interpretive logic of the empirical outputs is applicable for this section. As with the full-sample period, the magnitude of return spillovers is higher than the magnitude of volatility spillovers for both futures and spot markets. The total return spillover index is equal 66.3%, and the total volatility spillover index is 58.3% for stock index futures. Total spillovers indices for spot markets return and volatility are 65.5% and 52.0%, respectively. The return spillovers, therefore, across futures and spot markets are at the same level of magnitude, but the intensity of volatility spillovers is higher across futures. For example, Table 9 shows that Korea, Taiwan, and India have the lowest values of Contribution to Others, 4.77%, 2.03%, and 4.81% for volatility spillovers across stock market indices, while for stock index futures these values are 43.77%, 29.04%, and 34.28% (see Table 7 ). Volatility spillovers from Korea, Taiwan, and India, in relation to other markets are higher for futures data. This may be explained by lower cost of trading on futures markets and, therefore, the higher speed of international information transmission (Antoniou, Holmes & Priestley, 1998) . Table 9 indicates that the total volatility spillover from the USA to other markets is 83.93%, while volatility spillover from the UK to other markets is 114.02%, making the UK much more influential than the USA. However, analysis of futures data reveals a different outcome and is presented in Table 7 . The magnitude of volatility spillovers from the USA is higher than that from the UK, i.e. 104.01% and 101.01% respectively.
Again, as in the full-sample analysis, there are stronger financial linkages across markets from the same region in the subsample period for both futures and indices data. The strongest magnitude of volatility spillovers was found between developed European countries, UK, Germany, France, Spain, and Switzerland; developed Asian countries, Hong Kong and Singapore; and developed countries from the Americas, USA and Canada. The values of the pairwise spillovers indices are much lower between emerging markets within the sample. The linkages between emerging and developed markets are weaker, and in the majority of cases, the main direction of spillover of both return and volatility is from developed to emerging stock markets, for example, from Hong Kong to China, from the UK to South Africa, and from the USA to Mexico and Brazil. The intensity of intra-region volatility spillovers across stock index futures is higher than the intensity of inter-region volatility spillovers. The main channels of inter-regional information transmission are from the Americas to Europe and from Europe to the Americas. There is some evidence of inter-regional return spillovers from America and Europe to Asia. However, there is a very low magnitude of volatility spillovers from Asian countries to other regions. South Africa has strong spillovers into European markets. South Africa is from the same geographical time zone as European markets, and therefore, the trading hours of these markets overlap almost exactly. These channels of international information transmission are similar for both futures and stock indices. However, the magnitude of spillovers is higher for futures markets, so we can conclude that information transmission mechanisms work more efficiently in case of futures.
Nonetheless, the spillovers tables do not demonstrate additional significant differences between the information transmission mechanisms across futures markets (see Tables 6 and 7 ) and spot markets (see Table 6 Return spillovers across stock index futures. Note: From others-directional spillover indices measure spillovers from all markets j to market i. Contribution to others-directional spillover indices measure spillovers from market i to all markets j. Contribution including own-directional spillover indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (i,j)th spillovers indices. Total return spillover index demonstrates that 66.3% of forecast error variance comes from spillovers. The mnemonics are defined as in Table 1 . Note: From others-directional spillover indices measure spillovers from all markets j to market i. Contribution to others-directional spillover indices measure spillovers from market i to all markets j. Contribution including own-directional spillover indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (i,j)th spillovers indices. Total volatility spillover index demonstrates that 58.3% of forecast error variance comes from spillovers. The mnemonics are defined as in Table 1 . Note: From Others-directional spillover indices measure spillovers from all markets j to market i. Contribution to others-directional spillover indices measure spillovers from market i to all markets j. Contribution including own-directional spillover indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (i,j)th spillovers indices. Total return spillover index demonstrates that 65.5% of forecast error variance comes from spillovers. The mnemonics are defined as in Table 1 . Note: From others-directional spillover indices measure spillovers from all markets j to market i. Contribution to others-directional spillover indices measure spillovers from market i to all markets j. Contribution including own-directional spillover indices measure spillovers from market i to all markets j including contribution from own innovations of market i. Other columns contain net pairwise (i,j)th spillovers indices. Total return spillover index demonstrates that 52.0% of forecast error variance comes from spillovers. The mnemonics are defined as in Table 1 . Note: The date of structural break in volatility is displayed as month: day. The mnemonics are defined as in Table 1 . Note: The date of structural break in volatility is displayed as month: day. The mnemonics are defined as in Table 1 . Tables 8 and 9 ) apart from those discussed above. Additionally, we cannot use spillovers tables to observe the dynamic of return and volatility spillovers during the full-sample and subsample estimation periods. We have to consider the contagion across markets to provide a clear picture of the behavior of spillovers during periods of turmoil, which can further explain some of our findings outlined earlier. For example, the high intensity of spillovers across developed European countries can be explained by contagion between those markets during the Eurozone crisis. It is useful, therefore, to plot return and volatility spillovers to investigate the behavior of spillovers across futures and stock indices around the most recent crisis episodes.
Region
Structural breaks
In this section, the issue of whether there is evidence of structural breaks in the dynamics of stock indices and futures returns volatility is examined. The existence of structural breaks is a classical statistical problem which affects volatility and long-range dependence in stock returns (Andreou & Ghysels, 2002) . Omitting structural breaks in an analysis of volatility spillovers may lead to a significant overestimation of volatility transmission because jumps in volatility can influence information flow in relation to intensity, direction, origin, and the scheme of transmission (Huang, 2012) . The iterated cumulative sum of squares (ICSS) algorithm introduced by Inclan and Tiao (1994) has been employed to test for multiple breaks in the volatility of spot and futures markets for each country separately.
The test on structural shifts is used often to identify the crisis period (Dimitriou, Kenourgios & Simos, 2013; Karanasos et al., 2014) . In this paper, the identified structural breaks are linked to the major shocks during the Great Recession and the European debt crisis. These results are consistent with the timeline of the global financial crisis provided by BIS (2009), which is used in this study. The structural changes in variance do not occur exactly simultaneously in futures and spot markets, although certain similarities in breaks across markets are found, especially, between markets within the same geographical region around crisis episodes. This provides additional evidence of strong intra-region market dependencies. Tables 10 and 11 summarize the results of the Inclan and Tiao (1994) test and indicate the existence of multiple structural breaks in the dynamics of volatility over both the full-sample and the subsample periods. All the return series have at least 10 structural breaks in their variance over the full-sample period and at least one structural break over the subsample period, but the number of jumps in variance varies from year to year as demonstrated in Tables 10 and 11 .
Rolling-sample analysis
The behavior of total return and volatility spillovers around the global financial crisis and the European debt crisis is investigated in this section. We used rolling window estimation to analyze the time-varying behavior of spillovers over the full-sample and subsample periods. It is important to consider cyclical movements and burst in spillovers that could not be captured by the results presented in previous tables. We compared the behavior of return and volatility spillovers across stock index futures and stock equity indices for the subsample period. Fig. 1 presents the spillover plot for stock index futures and stock indices data from October 2010 to October 2014 based on the 200-day rolling window estimation following the methodology developed by Diebold and Yilmaz (2012) . While the cyclical movements of spillovers are similar for futures and spot markets, the magnitude of spillovers is higher for futures markets during the subsample period, confirming the findings discussed in the previous section. Fig. 1 provides information that confirms that the magnitude of volatility spillovers is lower than the magnitude of return spillovers for both futures and spot markets. The significant increase in total spillovers during 2011 was caused by the European debt crisis, while from 2012 to 2014, we can see a decrease in spillovers across futures and spot markets, which can be interpreted as a sign of the global economic recovery. Several cycles are identified from October 2005 to October 2014. Starting with the value of around 72%, the total return spillover plot fluctuated from 82% (from third quarter 2008 to first and second quarters 2009) to 58% (second quarter 2013). There are significant decreases in total return spillovers from 2012 to 2013 and during 2014. Total volatility spillovers follow a similar trend but the values of volatility spillover is lower than return spillover during the full-sample period, confirming the difference in total spillover Indices analyzed in previous sections. Starting at a value around 59% (significantly lower than the starting point of return spillovers at 72%), total volatility spillover rises to 69% during 2009 and drops below 52% during 2013 (in the third quarter of 2013 and the end of 2014). Figs. 2 and 3 graphically illustrate cyclical movements and bursts in spillovers during recent crisis episodes, such as the global financial crisis and the European debt crisis. These patterns are consistent with opinions articulated in contagion literature, which supports the position that crisis episodes impact not only on the volatility of financial markets but also impact on the transmission of volatility across them. The Credit Crunch that started in July 2007 caused a burst in total volatility spillovers from 55% to 63% at the end of 2007 (from 67% to 75% for returns spillovers). The financial panic in stock markets during the first quarter 2008 that followed pushed further total spillovers to 67% for volatility and to 79% for returns. The Lehman Brothers collapse on September 15, 2008, became a starting point for the worldwide spread of the Great Recession and raised values of total volatility spillovers to their maximum level, 72% (82% for return spillovers). These values remained high until the economic recovery. Consequently, total spillovers began to decrease from the beginning of 2010 and by the middle of 2011 had reached their pre-crisis values. However, the plot of intra-region volatility spillovers across the Eurozone shows that there was no decline in spillovers from the beginning of 2010 as evidenced in the global trend. This difference in patterns occurred because the European debt crisis, which started in October 2009 in Greece, spread to several Eurozone state members, causing an increase in spillovers. The spread of the crisis throughout the Eurozone in 2010 caused further increases in spillovers. Actions by Eurozone leaders to stabilize the situation through the European Financial Stability Facility (EFSF) and the European Financial Stabilization Mechanism (EFSM), for example the bailouts of Ireland and Portugal, initiated the recovery from the crisis. In September 2011, the IMF announced that the global economy had entered a "dangerous new phase" of sharply lower growth 9 as a result of the European debt crisis. Figs. 5 and 6 plot intra-regional return and volatility spillovers for the full-sample period for all regions separately. The highest magnitude of total spillovers is found still in the Eurozone, and total spillovers in the Americas follow the same trend as in Europe and Africa. A different situation pertains in the Asian region, where the magnitude of total intra-region spillovers across Asian countries is much lower than in the Americas and Europe for both returns and volatility. As indicated previously, Asian countries are more isolated from external shocks, and Figs. 5 and 6 confirm these findings.
Conclusions and recommendations for future research
This paper provides a new insight into global financial interconnectedness through the analysis of intra-and inter-regional return and volatility transmission across 21 developed and emerging markets from Asia, the Americas, Europe, and Africa. It also contributes to the discussion about the applicability of different types of data in analyses of financial dependencies of markets by documenting the evidence from both stock index futures and stock indices. The results demonstrate that futures markets provide more efficient channels of inter-regional information transmission than stock markets because the magnitude of return and volatility spillovers is larger using stock index futures data. We suggest that the analysis of spillovers across stock index futures has important practical implications for the development of trading strategies. Therefore, our findings are particularly relevant not only to academics, but also to a broad range of practitioners.
The results presented in this study have implications for asset allocation strategies and international portfolio diversification. Our findings show that Asian markets are less susceptible to external shocks and can provide better opportunities for international portfolio diversification. The research presented in this study provides significant evidence of intra-region information transmission for both futures and spot markets, but evidence of inter-regional spillovers is more limited. The spillovers between emerging and developed markets are weaker than between developed markets, so consequently the benefits of international portfolio diversification are best achievable by investing in emerging markets in different geographical zones.
Finally, our paper contributes to contagion literature evaluating global and regional spillover trends. The burst in spillovers during crisis episodes is verified, which is important for investors as during periods of turmoil diversification benefits are limited. These findings are important for policy makers and financial regulators due to the fact that contagion during crisis episodes affect macroeconomic stability. Linkages of economic cycles with intensity of global return and volatility spillovers provide the opportunity to use the intensity of spillovers as an indicator of recession and recovery. In this research, we have identified a decrease in both return and volatility spillovers from 2012 to 2014, which can be interpreted as an indication of global economic recovery.
We suggest that an investigation of spillovers across futures markets, in case of markets sequences with non-overlapping trading hours, for the purpose of analyzing the meteor shower effects, identified by Engle et al. (1990) , across stock index futures within one trading day, is a key area for future research. Furthermore, as trading hours on stock index futures differ from their underlying stock indices due to the additional electronic trading hours for futures, such analysis will help provide new evidence of inter-regional information transmission and contribute to stock market predictability literature.
